Introduction
Cocrystals are solids that are crystalline materials composed of two or more molecules in the same crystal lattice. 1 These components coexist in a definite stoichiometric ratio via hydrogen bonds or other types of non-covalent interactions. 2, 3 It has been reported that cocrystals might improve solubility, dissolution rate, 4, 5 stability, 6 and reduce hygroscopicity. 7 Cocrystals have been studied to enhance oral bioavailability 8 and control drug release. 9 Cocrystals can also extend the market cycle of active pharmaceutical ingredient (API), endow natural products with patent and significantly reduce the cost of research and development. 10 Though forming cocrystals can greatly improve the nature of API, only one cocrystal has appeared so far on the market as medicine (glycine-theophylline cocrystal). 11 The probable reason may be that the purity of cocrystals is difficult to confirm and literature on the topic is scarce. A hydrogen bond is easily destructed by water or other solvents. So it is difficult to determine the purity of cocrystals using liquid analysis methods. To address this problem, solid state analysis methods, like powder X-ray differaction (PXRD) and near-infrated spectroscopy (NIRS), have been taken into consideration. Padrela et al. 12 used the PXRD method to build a quantitative model to determine the purity of an indomethacin-saccharin cocrystal. However, the author did not evaluate the purity of standard. Kelly et al. 13 used the NIRS method to build a quantitative model to determine the purity of an ibuprofennicotinamide cocrystal. The problem was that the sample size was 18, too small to build an accurate model, and the purity of standard was also uncertain.
NIRS is widely used to quantitatively analyze API in different pharmaceutical formulations. [14] [15] [16] [17] It is a rapid, nondestructive method without the need for complicated sample preparation. It could thus be used as a routine method for cocrystal analysis. And because there is no need to use solvents, it is more environmentally friendly and costs less than HPLC and other methods. As there is no widely accepted method to determine the purity of cocrystals, we think NIRS will provide a good method for other researchers as well.
The aim of this study was to establish a quantitative method using NIRS to determine the purity of argirein (Fig. 1) .
Experimental

Argirein preparation
For this study, 1.23 g arginine and 2.0 g rhein (1:1 mol/mol) were dissolved in 200 mL water. The solution was boiled for 1 h and then filtered. Ethanol was added to the filtrate until the concentration of ethanol reached 70% (v/v). The solution was concentrated by evaporation at 60 C under vacuum until the volume reduced 80 mL. The saturable solution was cooled to room temperature, allowing precipitation of the cocrystals. The precipitate was collected by filtration and then dried at 50 C under vacuum drying. The sample was then dissolved in 140 mL hot 40% ethanol (85 C), kept warm for 5 min and filtered. The filtrate was kept at 4 -10 C for 4 h in order to crystallize the cocrystals. The precipitate was purified standard argirein (Fig. 2) .
Determination of purity of standard argirein
To determine purity, 0.1 g argirein was dissolved in 10 mL dichloromethane and ultrasonicated for 15 min. The solution was filtered through a 0.22-μm cellulose filter before HPLC analysis.
A Dionex system consisting of an LPG-3400SD pump and a VWD-3100 UV detector was used to quantitatively analyze rhein. An ODS-SP C18 column (250 × 4.6 mm, 5 μm) was used. The flow rate was 1.0 mL min -1 and the detection wavelength was 254 nm. The injection volume was 10 μL and the column temperature was maintained at 25 C. The mobile phase was composed of methanol (A) and 0.1% phosphoric acid water solution (B) using an isocratic elution of 20% B. 18 
Preparation of calibration mixtures and NIRS spectra collection
Standard argirein was then geometrically mixed with 1:1 (mol/mol) physical mixture of rhein and arginine at different mass ratios ( The NIRS spectra of argirein samples were collected using a Thermo ANTARIS II FT-NIRS spectrometer (Thermo Electron Co., Madison, WI) equipped with an InGaAs detector, an integrating sphere, sample cup, and rotary tables. The technology for NIRS spectra collection was based on the intergrating sphere theory as well as principles of diffuse reflection, total reflection, transmission, refraction and so on. The system was operated by the RESULT operating system and the spectral data were analyzed by the TQ Analyst software package (version 8.0).
Samples were weighed precisely each time and transferred into the sample cup. A slight tap was needed to make the powder more uniform before the measurements. The spectra were obtained with an 8 cm -1 resolution over a wavelength range of 10000 -4000 cm -1 with 64 scans per spectrum. The scan times for both samples and air absorption background were 32 s. An average spectrum was obtained after each sample was measured three times.
Data preprocessing method
Several data preprocessing methods, including derivation, SNV, Savitzky-Golay (SG), first derivative (1-Der), and second derivative (2-Der) were investigated for NIRS spectra in order to minimize the interfering effect such as correction of scatter effect, elimination of baseline shift, systematic noise, path length differences, and smoothing spectrum, etc.
Results and Discussion
Purity of standard argirein
Argirein is almost insoluble in dichloromethane (DCM) but rhein, the main impurity in the product, is soluble in DCM. It was found that the concentration of rhein was 14.6 μg mL -1 in the 10 mL DCM, which was much less than its solubility in DCM (0.37 mg mL -1 ). This suggested that all rhein in the argirein was dissolved in DCM. The total amount of rhein in DCM was 146 μg representing 0.15% of the total product.
The content of rhein was a combination of the amount of rhein that was not invovled in the reaction and the amount of rhein dissociated from the dissolved argirein. Therefore, the content of rhein mixed in argirein was less than 0.15%, and the purity of standard argirein was higher than 99.85%.
Spectral analysis
Partial least squares (PLS) is a full-spectrum calibration method and all eight NIRS models were based on it. It shows the raw NIRS spectra of rhein, L-arginine and physical mixture over the 10000 -4000 cm -1 range (Fig. 3) . The spectrum of the physical mixture resembled an addition of the two individual components. There was an obvious difference in the spectra of the physical mixture and the cocrystal (Fig. 4) . The peak in the spectrum of the physical mixture at 5125 cm -1 shifted towards lower wavenumbers. New peaks appeared at 5912 and 4747 cm -1 . These changes in the spectrum could be attributed to the hydrogen bonding involved in cocrystal formation. Figure 5 shows the raw NIRS spectra of 2 argirein standards and 39 samples. Intensive spectral peaks were mainly in the range of 6250 -4000 and 9000 -8750 cm -1 . They were due to the stretch and vibration of the C-H, N-H, and O-H groups. The correlation coefficients of the spectra also verified the accuracy of band selection. The correlogram of R and WN is shown in Fig. 6 , in which it can be clearly seen that the WN with higher coefficients (>0.5) are mainly distributed in the selected band region.
Calibration of NIRS models
To build a robust PLS calibration model, the optimum preprocessing method was selected based on root mean square error of calibration (RMSEC), root mean square error of prediction (RMSEP), root mean square error of cross validation (RMSECV), prediction residual error sum of squares (PRESS), and R. The integrating sphere module was adopted as the sampling technique based on diffusion reflection. Standard normal variate (SNV) was used to correct the light scattering effects due to the sample particles by adjusting the spectra based on ranges of wavelengths carrying no specific chemical information. 20, 21 Meanwhile, smooth processing was also used to eliminate enhanced noise signals. 22 Two classical smoothing techniques, SG filter and Norris derivative filter, were investigated and compared. Considering some interfering factors like baseline shift, systematic noise, intense band overlapping, and difference between various samples, 23 1-Der and 2-Der were required. Derivative processing was used to correct the baseline shift and reinforce spectral resolution. The comparison of different methods is listed in Table 1 . It was found that the optimum pretreatment was 2-Der spectra without smoothing filter.
An optimum choice should fully reflect the spectral changes resulting from the changes in the concentration of the measured components and exclude the spectral noise. The correlogram for factors vs. PRESS, and RMSECV vs. PRESS are illustrated in Fig. 7 . The optimal number of factors was four for argirein.
Results of calibration model
Generally, RMSEC, RMSEP, RMSECV, and R are used for evaluating an NIRS model. RESEC, RESEP and RESECV close to 0 and R approaching 1 indicate a robust model. R of the model we used is 0.997. RMSEC, RMSEP and RMSECV are 0.0220, 0.0355 and 0.0360 respectively, which are all less than 0.037, indicating a satisfactory correlation between the values of actual concentrations and the model-predicted values. Figure 8 shows the correlation between the actual reference values and NIRS-predicted concentration values. The results showed good linearity and suggested that the established models could be used to quantitatively determine argirein.
Validation of developed NIRS model
To investigate the robustness of the model, 10 samples of known concentration were selected and analyzed by the model. The correlation between nominated concentrations and NIRS-predicted concentrations of argirein is shown in Fig. 8 . Tailed t test was also applied to validate the values of actual concentration and NIRS methods. The value of t is 0.682, less than t(0.05, 9) = 2.262, which convincingly indicates the accuracy of the established NIRS model.
Conclusions
In this study, a PLS-NIRS model was developed for the determination of the purity of argirein. The overall results showed the feasibility of quantification and quality control of argirein with shorter time and less pretreatment. This method could determine the purity of the cocrystal accurately. We think it could serve as an accurate method for other reseachers in this field of study. 
